: GPO PRICE g ” /yr%a/
» : ,

CFSTI PRICE(S) §

f?w' "
| ‘""" NASA TT F-8550
. § Hard copy (HC) $ /i OO »»»»» Lo
Z Microfiche (MF) ) SO
E: 653 July 65
g L ! JAPANESE ROCKET ORSERVATIONS AND EQUIPMENT C
by -
; ) rc $
Tamiya Nomura E«z}):/‘;“/ el
' F Tramsl. feom  S0C-
'WBWWJAPWQ ENGLisH by ﬁaraﬁﬁy Jromst rog» é
| F o Mo,
Thsglr. ond Control Engr CToKy()), v, &, 5
1963 p37s-#05
o9 /éZ,'7 & A

he | Instrument and
Translated from Journal of the Socliety of T
E‘.ontf:ol Engineers (Tokyo), Vol. 2, No. 6, 395-L05, 1963

N6b 27217

o

o

o

£ (ACCESSION NUMBER) (THRW)
[3

: A2 )
-

r

E {(PAGES) (CODE)
4

: 3
:

{NASA CR OR TMX OR AD NUMBER) {CATEGORY)

! Y
iNATIONAL AFRONAUTICS AND SPACE ADMINISTRATION )

wasHINGToN , 4): (. February 196k

/o ,‘)’f)‘%m




JAPANESE ROCKET OBSERVATIONS AND EQUIPMENT
No Mura Tami Nari
(Engineering Research Institute, Tokyo University)

1, INTRODUCTION

W Tt

Space research has been a major world interest ever since the
Russians launched the first artificial satellite, Sputnik I, in 1957.

Subsequent sensational Russian successes and American all-out
efforts have been widely reported, but there has been a tendency to
overlook other important aspects of space research. The communications
and meteorological satellites developed in the United States should
greatly benefit mankind in the not too distant future. The veil of
mystery surrounding space is gradually being removed as a result of ob-
servations above the atmosphere; a detailed picture is beginning to
emerge. One of the outstanding successes of the IGY (1957-8) was the
discovery-of the Van Allen radiation belts. However, not only outer
space is dimportant, because it is found that there is a close relation
between conditions in the upper atmosphere and ground-level weather;
so many of the results are relevant to daily life.

Development of Japanese observation rockets started in 1955 and
was centered at the Engineering Research Institute at Tokyo University.
Various types of observation have been carried out since 1958 (Table 1).
The countries participating in the IQSY (1964~5) have a program of var-
ious types of geophysical observations. (The IGY was a period of maxi-
mal solar activity.) Only 7 countries took part in the IGY rocket ob-
servations, but nearly 20 are expected for the IQSY. Japan is to use
rockets of greatly improved performance. /ﬂztig‘A,

2. JAPANESE ROCKET OBSERVATION SYSTEMS

2.1 Observation Rockets

Table 2 shows the types and capabilities. The rockets were ini-
tially designated by size (e.g., the Kappa series), but improvements
in propellants provided much higher ceilings, after which the ceilings
were used as the basis of classification. The 200 km ceiling type is
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[Table 1 Continued on Next Page]
Table 1.

List of firings of sounding rockets



[Table 1 Continued]

apex position

. cosmic | . | . ! cographic . X pos institution ! rft;mnce
~alrglow rays miscel, ] firing place { goorgdirl:ates a_hltudc km digtlarxcuc:ro‘;m) in charge a!r:l remarks
| MICHIKAWA | 30° 347 127N o 120 K.U. |
| (AKITA) | 140" 03/ 357E - 0.C. U. |
. % cow BT &€u
L 2 43.5 6.Cu |
: 1 " " UNCERTAIN T.A.O i
I H
| A c e | owmr e,
i ‘ 210.2° [ LP.C.R
O] “ ” “ , 35.6 20.0 ' LLS.
i H :
! " ” P 4o wr 1A
| i H S |
! i 65.2°  LP.C.R.
o ” ” | 48.2 e IIfs
| | 268, 2° K.U.
‘ ” | ” [ 9.0 1 %37 0.C.U.
. : | 265.8°
i ” ” ; 54.0 i 27, 5 T.A.O. |
' R
i i s
i ./r ' ” ‘ 41.3 235“8'3 P T.A.O.
i i | .
co e e | mr sn
i : . .C.U.
- i ‘ 273.6° R.R.L.
- M : ” H 186.0
! 175 (_). : F'?. L.
. : ” ! ” ‘ 46.0 zggg ' 8'8'[]
_ | 5 0 ocu
o ” ! ” ’ 197.5 i %838 : R.R. LRE‘C.L'
; i L ) i R,
o e L % o N
PERN L i N - -
] ” ! ” . 683 50 &y
\ ; é 0 -C.
IS p f " L1692 ey |RRLECL
i ! °
. w0 wez | T IR EGL
; OBUCHI | 40" 4N | LP.C.R |
Q (AOMORD) = mI*awg | 103:0 LL.
| MICHIKAWA . 30" 347 12/N = o0 271.3° R.R.L. EC.L
(AKITA) : 140° 03’ 35”E - 139.8 K.U. 0.C.U.
| ! °
e e |y leR
o S R T
. ’ 284.3° R.R.L. P
i ” ” 347.6 ]
| , / i 3310 E.C.L. |
! ” : ” 0 0 ,11{,‘ %‘ L. ’
j UCHINOURA | 31° 157 007N 1 125.5° ;
| (KACOSHIMA) | 131° 04" 45/'E | 5.1 2.3 RRL |
1 { . : !
: 149.3 LP.C.R. T.U.
;. O | 202.1 1195 KU UT.
—_—




g1exo0a1 esauvdep JO BI9qOWBIBG

"z o198y,
€961 ATnp 008-009 04T-00T 00491 0009 GelL + 0ZYv s8881s 7| 2 ®Bpquwey
T ooY 0% 000TT 004T oZY + Y2 ge8eys | W6 vddey
T 002 qT 000L 0%€ G2 + 05T sodsis Z| 7@ ®ddey
[4 0g¢€ ST 0062T 00ST | 0% + ¢%Z + OST | #e3wys ¢ | 16 wvddey
2T 002 0% 000TT 00$T oy + ¢¥2 sedeys Z| @ ®rddey
T 08 ZT 000L 0€€ G2 + OST godeqs | HO vddwy
¢t 09 2T 0009 092 a2 + 0ST sedsis z| 9 =wddey
s3utaty 08 Jo o13 3 o 3y g ad{], ame
Jo *oN | -us 3uryouns spBoTABg | fyzBueT [¢qulTem ‘gI9q9mBT(
107 (uw{) pe TTBx8AQ | dn—-TTYV
-yoBeJa Qy3tey




called Mark 8; 350-1000 km, Mark 9, Kappa 8L was an improved version
of Kappa 6H, and Kappa 9M is an improved version of Kappa 8. The
Kappa series ends with Mark 9; the new 735-mm diameter rockets form
the Lambda series. A Lambda 2 two-stage rocket should be fired this
summer, and a Lambda 3 during the year (Lambda 3 is a three-stage
rocket, with a 245-mm third stage mounted on a Lambda 2). Lambda 3
should have a ceiling of 1500 km for a payload of 50 kg.

Development of the Mu series (diameter 1.4 m) should begin with-
in the year. This series is expected to be ready in 1966 and should
attain orbit velocities.

The launch site was initially on the Michikawa coast (Akita pre-
fecture), but the Sea of Japan is not large enough for the longer-
range rockets, so in 1962 it was decided to set up the Space Research
Station of Tokyo University on the east coast of Osumi peninsula
(Kagoshima prefecture) at Uchinoura. The station came into part-time
use that summer, and all future launchings will be made from it.

Many geophysical phenomena are closely related to terrestrial
magnetism. The Earth's magnetic poles do not coincide with its ge-
ographic ones. Japan lies in low magnetic latitudes,and the Kagoshima
station is at the lowest magnetic latitude of any rocket statiom.
Further, it is the only experimental rocket station in the northern
hemisphere anywhere near longitude 130°, so it should provide data
otherwise unavailable.

2.2 Telemetry and Radar Equipment

The data are transmitted to the ground and recorded there in most /396
cases, The effects of height are usually significant, so the track must
be determined. Telemetry is used for the former purpose and several
radar installations for the second.

2.2.1 Telemetry Equipment. The FM-FM method is used (10 chan- /397
nels) at 225 Mc at present; the larger rockets should provide a payload
capable of handling 40 channels on four frequencies in the 298 Mc band.
Figure 1 shows a block diagram of the telemetry equipment.
The data are converted to voltages in the range 0-5 v, which /398
are used to modulate the frequencies of subcarrier oscillators. The
frequency excursion is * 7.5 %. The subcarriers modulate the high-
frequency carrier, which is transmitted to the ground. Double fre-
quency modulation (FM-FM) is used. The signal received at the ground
station is detected in the receiver, and the subcarriers are isolated
by filters. The signal discriminator gives an output proportional to
the frequency deviation of the subcarrier, and this is amplified and
passed to a pen recorder or oscilloscope.
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Fig. 1.

Telemetry system: a) transmitter in rocket; b) ground station
system. 1) Input; 2) subcarrier oscillators; 3) mixer; 4)
frequency modulator; 5) 225 Mc oscillator; 6) power amplifier;
7) transmitting antenna; 8) to subecarrier oscillators; 9) to
heaters; 10) to plates; 11) stabilizer; 12) de-de converter;
13) batteries; 14) tape recorder; 15) receiving antenna;

16) tape speed standardizing signal; 17) FM receiver;

18) 10 ke filter; 19) 10 ke frequency discriminator; 20)

tape speed error compensating signal; 21) mixed subcarriers;
22) passband; 23) filters; 24) signal discriminators; 25)

dc amplifiers; 26) pen oscillograph; 27) time marks; 28)
oscilloscope.



Fig. 2 Fig. 3

Telemetry transmitter. Telemetry receiving and re-
cording equipment.

The output from the receiver (the mixture of subcarriers) is re-
corded on tape; the data are then not lost and can be checked if the
recording system is suspected of faults. Further, any number of copies
can be generated. A difficulty is that the tape-speed varies (wow and
flutter occur), which may introduce frequency errors in playback. This
is overcome by recording a standard fixed-frequency signal (10 ke),
which provides a means of correcting for tape speed variation.

The equipment in the rocket must be small and light. The os-
cillators are all transistorized, but the transmitting stage at present
employs vacuum tubes., Miniaturization is favored by low signal output;
the present power is about 1 w. Figures 2 and 3 give general views of
the transmitting and receiving systems.

Reception over long distances with low power demands an antenna
of high gain and a low-noise receiver.

A parabolic reflector (diameter 18 m) is at present in use at
Kagoshima, which is being equipped with an automatic tracking system;
this should provide reception out to 10 000 km or more when completed.

R2.2.2 Automatic Tracking System. The line-of-sight distance
is given by the time for a pulse sent from the ground to return from
the rocket; the altitude is deduced from the elevation of the antenna,
which automatically follows the rocket. The position is evaluated
from these parameters in the automatic tracking system (Fig. 4). The
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Automatic tracking radar system.

1) Elevation; 2) azimuth; 3) transponder; 4) elevation
signal; 5) azimuth signal; 6) elevation recorder; 7)
azimuth recorder; 8) line-of- sightdistance; 9) time marks;
10) track computer; 11) vertical coordinate plotter; 12)
horizontal coordinate plotter; 13) ground transmitter;

14) send-receive switch; 15) elevation control gear;

16) azimuth control gear; 17) distance signal; 18)
distance computer; 19) low-noise receiver; 20) azimuth
error signal; 21) elevation error signal; 22) angle

error detector.



rocket carries a combined receiver and transmitter (transponder); a
pulse from the ground elicits a reply pulse, which is transmitted back
to the surface. This means that it can receive a weak signal and send
back a return signal of sufficient power. The transponder system is
known as a two-stage radar system; passive reflection from the rocket
is known as a one-stage system. A small rocket has only a small re-
flecting area, so a single-stage system requires high-power radar
equipment; a two-stage system is more economical, for low-power equip-
ment is used.

Figure 5 shows the automatic tracking antenna (parabolic re-
flector, 4 m). The operating frequency is 1680 Mc; single-stage radar
can be used, although two-stage is normally employed. The pulse power
is 500 kw at a pulse repetition rate of 83.3 cps.

3. IN-FLIGHT TEST EQUIPMENT

In-flight tests are employed to establish whether new rockets
provide their deasign performance. Table 3 shows the measurements that
are made.

i - e L ]259
Fig., 5 Fig. 6.
4 m automatic tracking Miniature-tube accelerometer.
radar antenna, 1) Magnet; 2) tube; 3) flat
spring; 45 battery case.

/401
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1
Item | Principle Conversion method } Range
! }
|
h
Vertical Spring, mass My | 0-50g 100c/s
acceleration: displacement 1 0-25g 65c/s
; j 0-1llg 40c/s
1
Lateral . Ditto Ditto . 46g 65¢/s
acceleration. Potentiometer i_33g 10¢/s
Vibration ' Ba titanate ac amplifier +5g 50-800c¢/s
transducer
Pt resistance Unbalanced ac 350 °C
bridge, output
amplification,
and rectifica-
— tion ;
Temperature ; Thermistor Unbalanced dec i 350 °C
§ bridge ;
. Thermocouple de amplifica- . 800 °C
. tion ;
Strain i Resistance change Unbalanced ac ; iékg/hm2
! in wire strain bridge, output |
| gauge amplification, '
phase-sensitive |
detection
Internal Semiconductor Ditto
pressure . strain gauge !
Table 3.

Measurements by In-Flight Test Instruments and
Methods of Determination.

Figure 6 shows the MV accelerometer, whose main features are
flat spring and localized load (permanent magnet).

The plate current
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Accelerometer record.

1) Gauge cut-in (7.3 sec); 2) channel 5, tail temperature;
3) telemetry record 150T-2 (4/24/1958); 4) c hannel 4,
transmitter B voltage; 5) channel 3, tail fin strain;

6) channel 2, transmitter heater voltage; 7) shock

caused by release; 8) firing; 9) channel 1, X1 and X2

acceleration; 10) end of acceleration.

of a subminiature vacuum tube is affected by the magnetic field, so
displacement of the magnet is translated into dc voltage variation.
Balance is effected at zero, and acceleration and deceleration are
transmitted in a single channel. Figure 7 shows a type telemetry re-
cording,

Temperature sensors are located at the nose, amidships, at the
tail, and on the payload capsule; these are selected at second inter-
vals by a switch, to provide transmission in one channel.

These measurements provide determination of engine performance
and stability as well as of tail loading and heating; these should
provide the basis for improved designs.

4. OBSERVATIONS AND METHODS

The observations to be made have been discussed by the organi-
zations shown in Fig. 8; Table 1 lists the main types of observation,
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which are as follows: 1) atmospheric structure, 2) ionosphere, 3) elec-
tric and magnetic fields, 4) radio phenomena, 5) solar radiation,
6) airglow, and 7) cosmic rays.

1t )
S

|

RUs>H
RBERZE mﬂw?ﬁl
= 17

18 mxzABFRY

Fig. 8.

Rocket research orgsnization (part).
1) Japanese Science Council; 2) Dept. of Education; 3) Uni-
versities; 4) Research Institutes; 5) others; 6) Lonosphere
Liaison Committee; 7) Space Research Committee; 8) Upper
Atmosphere Joint Committee; 9) Primary Cosmic Rays Joint
Committee; 10) High-Energy Phenomena Joint Committee;
11) other research groups; 12) Rocket Research Council;
13) Observation Planning Committee; 14) Observation Rocket
Design Council; 15) Observation Rocket Development Group;
16) Flight Testing Committee; 17) Flight Group; 18) Tokyo
University Engineering Research Groups.

These have been selected mainly on the following basis: 1) the
observation should, as far as possible, be original; 2) the method should
be original; and 3) advantage should be taken of Japan's geographic posi-
tion.

4.1 ATMOSPHERIC STRUCTURE

Temperature, pressure, and wind speed are all important. The
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first and last are the most important in Japan, for the middle of the
four seasons. In particular, data for the spring equinox provide
valuable evidence that can be obtained only in Japan.

a) at front (6 charges) b) rear side
(8 charges)
Fig. 9

Mounting the charges.

The grenade method has been used up till now in Japan. The mul-
tiple charges are arranged to detonate at nearly equal height intervals
starting from 20 km. The sound waves (minute changes in air pressure)
are received by hotwire microphones at ground level. The variation in
the speed is found from the times of arrival of successive waves, and
the air temperature is calculated from this. The direction of the source
of the waves can be deduced, since the microphones are placed some dis-
tance apart; this gives the wind speed and direction. This supplements
the existing radiosonde data (up to 20 km) by values for the upper atmos-
phere.

Charges of 0.3-1 kg are used, the height of detonation being the
controlling factor. These are fitted at the fromt or edge of the tail,
as shown in Fig., 9. TFigure 10 shows a microphone pit, which is covered
by canvas to eliminate interference from surface winds. PFigure 11 shows
some results.

The method is inapplicable above 80 km, because the attenuation
becomes so great; the sodium method was therefore introduced in May of
thig year. A sodium cartridge is released at a specified height, and the
sodium is vaporized; the solar radiation causes the vapor cloud to emit
light. The cloud is photographed from two or more places on the ground,
from which the wind speed and direction can be deduced. This involves
firing the rocket during the brief period when it is dark at ground level
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but the upper atmosphere is sunlit (dusk or dawn), when there is no moon.
Further, the sky must be clear. These numerous limitations on the time
form a major drawback.

Fig, 10
Microphone

The chaff method may also be used; here dipoles are released and
their motion is followed by radar. A method (Russian) of measuring the
air temperature is to transmit ultrasonic waves from a source to a re-
ceiver, the transit time giving the speed of sound and hence the air tem-
perature.

4.2 IONOSPHERE

Measurements are made of the ion density, electron density, and
electron temperature in order to establish the structure of the iono-
spheric layers. Radio observations from the ground were formerly used,
but the evidence from these is very indirect. Rocket-borne instruments
provide direct and detailed information on the structure.

a) Langmuir probe. Measurements are made of the current flowing
between the probe and the body of the rocket; the current produced by a
negative voltage is the ion current, so the ion density may be found.

The electron temperature and density can be deduced from the response to
positive potentials.

The probe is a sphere 20 mm in diameter (Fig. 12); the grid struc-
ture is used to minimize error from photoelectron emission. Gold-plated
Mo wire (0.3 mm) is used. The hollow structure makes it light. Its
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performance at night is undoubtedly ideal. This probe is an entirely
Japanese development; it is the first to provide reliable daytime ion
density measurement.

Sonde TW-5 Sonde TW-6 Sonde TW-7 Sonde TW-8
T 5k ' ¥ ¥ f f
60+ ™ A |
. %% .
50} i 40k \% L
% X > Ind
f\4°— \ ‘530—- § x%
g N > ﬁgQ |
® Wi wr t:: & - I
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Fig, 11
Wind-speed observations.

b) Resonance probe. The high-frequency voltage is accompanied by
de bias; Fig. 13 shows the output as a function of frequency, the resos-
nance frequency f being

e

£ = (1)

in which e and m are the charge and mass of an electron respectively.
The electron density N, is thereby found. The low-frequency output volt-

age 1is
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eVy ea
KT'e' = log Io(m) (2)

in which I, is a Bessel function, a is the amplitude of the hf voltage,
and K is Boltzmann's constant. The electron temperature T, is thereby

found.
The Langmuir probe can also give N, and T,, but really good values

are hard to obtain; the resonance probe gives highly reliable results,
for the density is measured as a frequency.

The resonance probe is also entirely Japanese in conception and
development; it is highly regarded all over the world. By request of
NASA, it was used in connection with direct measurements on the iono-
sphere. In May last year it was used in a Nike-Cajun rocket, and it is
to be used in conjunction with other apparatus in an Aerobee-Hi.

The probe is rather delicate. At first it was housed in the
front section of the rocket. The front section breaks away at a height
of 60 km and the probe is exposed. Figure 14 shows a multipurpose five-
part probe still in its folded state at the moment of opening of the
nose cone,

4e3 Cosmic Rays

So far, the intensity has been measured only as a function of
height; but the development of an attitude-measuring instrument that
senses the Earth's magnetic field (see later) enabled us in December of
last year to record the directional distribution, in which three geiger
counters were used in coincidence. Preparations are also being made to
measure the energy (pulse-height) distribution.

Altitudes so far attained are slightly below 200 km, so no novel
results are to be expected. The middle Van Allen radiation belt lies
at heights between 1500 and 3000 km over Japan, so our rockets should
give novel results when they attain this height. A third radiation belt
below this has been predicted for the area between Japan and Southeast
Asia, which, if confirmed, would be very important.

Lot Airglow

Particulate radiation and ultraviolet light from the Sun excite

404
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Resonance probe method.
1) Output voltage;
Fig. 12. 2) probe

Net probe. 3) Output

the components of the upper atmosphere and light is emitted; different
wavelengths come from various layers. It is difficult to determine the
heights of these layers from the ground, but direct measurements can be
made from rockets,

The light includes the 5577 A (green) and 6300 A (red) lines of
the oxygen atom, the sodium D lines (yellow), and the near-infrared
emigsion of OH. Measurements have been made in the United States of the
heights at which the 5577 and sodium D lines are emitted; no data are
available for the near infrared.

The light from these layers is received by a periscope (Fig. 15),
which is released on both sides when the rocket is at a height of about
60 km. Interference filters separate the wavelengths, and photocells
measure the intensities. The variations in the latter are used to deduce
the layer heights. The results so far obtained (Fig. 16) confirm previous
evidence.
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Release of probe when nose opens.
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Fig. 15
Airglow observation instruments. Fig. 16.
Determination of height of airglow
layers. 1) Gradient of intensity;
2) total intensity; 3) intensity
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4e5 Terrestrial Magnetism (Attitude-Sensing Device)

Terrestrial magnetism is closely related to many geophysical
phenomena, The field in the ionosphere shows minor deviations from that
to be expected from the dipole theory, so magnetism related to the struc-—
ture of the layers is an important topic.

A precise method of measuring the Earth's field by means of proton
resonance has been worked out and is now about to be utilized. There are
technical difficulties in making the rocket of nonmagnetic material, so
future developments are involved in a method of recording the attitude
by reference to the Earth's field. The magnetometer is a thin permalloy
rod, to which low-frequency magnetic fields are applied. When the axis
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Attitude of rocket in flight.
1) Angle between axis of rocket and direction of
field (deg); 2) time (sec); 3) opening of nose;
4) firing angle 79°
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lies obliquely to the Earth's field, the field becomes unbalanced and
harmonics are generated. One of these detectors is used for each axis,
which gives the components and hence the attitude. The attitude is very
important for the interpretation of other readings, and we think that
such an instrument will become standard equipment in the future.

Figure 17 shows typical results. The rocket shows a tumbling
motion in the upper atmosphere, because there is nothing to stabilize
it, as has already been reported; but the opening of the nose cone sets
up a persistent tumbling.

4e6 Solar Flares

A spectrograph was included in the payload in four firings of
Kappa 6, in order to record the ultraviolet spectrum below 2900

A, which is prevented from reaching the ground by absorption in the
atmosphere. The film is recovered from the sea. The watertight nose
cone, which houses the spectrograph, separates from the rocket at a
height of about 40 km and falls on a parachute. A float is inflated
when the cone strikes the sea, and the cone is recovered by boat or
helicopter. Recovery was not achieved in two of the four firings.

There are many difficulties in recovering components in this
way. Recovery from the sea was essential to the Mercury project,
which made it not so convenient as the Russian method. Japanese facil-
ities for recovery are limited, so recovery from large distances re-
presents great difficulties,

Transmission by television link has been proposed to overcome
this difficulty. A sun follower is essential for observations of the
Sun; this keeps the instrument facing the Sun.

A coronagraph is carried, and corona observations can now be
made which formerly could only be made at total eclipse. These are all
the developments up to now.

4e7 Radio Phenomena

Electromagnetic waves are generated above the atmosphere. The
distributions of these in frequency and direction are important in re-
lation to their origins. Some information on the structure of the
ionosphere can also be obtained from the propagation characteristics.

A receiver in the rocket measures the signal strength at a
rather low frequency (a few ke), which requires a large antenna. The
first tests were done in December of last year with an antenna 5 m long
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that was unreeled when the nose cone opened. Two experiments in May this
year were done with a 3 m antenna in three sections extended by compressed
air,

No country has carried out observations in this field for any
length of time, but even the first phase yielded more detail than was
expected, so great hopes are held for the future.

5. CONGLUSIONS

In spite of restricted space it has been possible to mention brief-
ly the objectives and methods of observation in Japanese rocket research.
I fear that many important points have had to be omitted, but I hope I
have made the present situation clear. Cooperation between many different
disciplines is essential in rocket research, and I earnestly hope that
cooperation will be forthcoming from every side.

FARADAY TRANSLATIONS
15 PARK ROW
NEW YORK 38, N. Y.



